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(71) We, Sharp Kabushiki Kaisha, 
a Japanese company, of 22—22 Nagaike- 
cho, Abena-ku, Osaka, Japan, do hereby de- 
clare the invention, for which we pray that 
a patent may be granted to us, and the 
method by which it is to be performed, to 
be particularly described in and by the 
following statement: — 

This invention relates generally to an elec- 
tronic calculator* and more particularly to 
a calculator construction and a method of 
an electronic calculator. 
In accordance with known electronic cal- 
culator constructions, the function units 
thereof, namely; a display unit employing 
fluorescent indicator tubes, light-emitting 
diodes, etc., a semiconductor circuit uxnt 
including various arithmetic and logic cir- 
cuit elements, and a key input unit for manu- 
20 ally introducing functional commands into 
the semiconductor circuit unit, are clearly 
distinct components and the individual com- 
ponents or units are connected together by a 
number of lead wires. Then, the components 
25 or units coupled in such manner are housed 
in a single case, thereby completing fabrica- 
tion of the calculator. Although calculators 
Constructed in this way are supplied as a 
single unit, the internal components in prac- 
tice are physically independent of each other 
except for their electrical interconnections. 
Furthermore, an undesirably large amount 
of space is required to accommodate the 
connections between the individual com- 
35 ponents, the actual amount of space needed 
depending on wiring and soldering tech- 
nology. For these reasons, difficulties have 
been encountered in arriving at an electronic 
calculator construction having not only the 
required reliability as regards its electrical 
interconnections but also a sufficiently small 
size to be practical for use in a battery 
powered calculator. In addition, the manu- 
facturing processes for known calculators 
are complex and not suited for mass pro- 
duction. 

According to one aspect of the present in- 
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vention, there is provided a calculator com- 
prising a keyboard unit, a computation cir- 
cuit and a display unit, the keyboard and 50 
display units each including a plurality of 
sets of electrodes, said computation circuit 
and at least one of the electrodes of each 
of said sets being directly formed on a com- 
mon substrate. 

m According to another aspect of the inven- 
tion, there is provided a method of making 
an electronic calculator comprising forming 
directly on a dielectric substrate: a circuit 
including a computation circuit, a keyboard 60 
unit and a display unit. 

An electronic calculator, and a method of 
making the electronic calculator, in accord- 
ance with the invention, win now be de- 
scribed, by way of example, with reference 65 
to the accompanying drawings, in which; — 

Figure 1 is a sectional side view of an 
electronic calculator embodying the prin- • 
ciples of the present invention: 

Figures 2 and 3 are exploded perspective 70 
views of parts of tine electronic calculator 
of Figure 1; 

Fkure 4 is a plan view of the electronic 
calculator at a particular stage in the manu- 
facturing process; 75 

Figure 5 is a sectional view of a keyboard 
unit employed in the electronic calculator: 
and 

Figure 6 is a flow chart showing a se- 
quence of fabrication processes for making 80 
the electronic calculator in accordance with 
the teachings of this invention. 

Referring now to Fig. 1 illustrating one . 
form of an electronic calculator embodying 
tins invention, a substrate 1 is constituted 85 
by an extended portion of an electrode sup- 
porting plate within a liquid crystal display 
unit 2 and is made of dielectric material, 
such as glass, ceramic, or plastics material. 
A semiconductor circuit unit 3 containing 90 
various circuit elements and interconnections 
therebetween is directly mounted on a major 
surface or rear surface A of the substrate 1 . 
while a keyboard unit 4 is directly mounted 
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SP t ^_ ot ^? r major surface or front surface 
B. /Ine liquid crystal display unit 2 the 
semiconductor circuit unit 3 and the 'key- 
board unit 4 which are unified as a single 
iNrtr "~^"— nt on the same plate 1, are a< **** 
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cabinet 7 and a hood 8 for covering or un- 
coyenng an indication surface of the display 
unit 2 when necessary. A plurality of open- 
in^ are formed in the upper cabinet 6 to 
install key tops therein. 
The hood 8 may rotates about the coup- 

tiff (TrP ttiA' nnriAF onA ^«ut ^ «-» 
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fSi, 0 ^ apper and lower cabinets 6. "7 
wfeiii a predetermined angular range fes. 
45°) and, in the illustrated embodiment, is 
provided with a window or transparent por- 
nyv tsoa J vdncu allows ambient light to fflumin- 
20 ate the indication surface of the display unit 
2 when the hood 8 is in the open state. The 
transparent portion 9 preferably consists of 
plastics material in the form of a lens. 
5 u £F oande<i u Pper and lower cabinets 

25 6, 7, at one end of the calculator, is a cavity 
10 to accommodate a power cell 11 therein. 
In order to reduce power dissipation, pro- 
vision is made tor automatically enabling the 
power supply to the circuit unit 3 and the 
30 display unit 2 when the hood 8 is in the open 
state and automatically inhibiting the power 
supply when the desired arithmetic opera- 
tions are completed and the hood 8 is closed 
This provision is accomplished by the instal- 
lation: of a switch (not shown), associated 
with opening and closing movements of the 
hood 8. for the power cell 11. 

Details of the liquid crystal display unit 
2* semicoi " Juc tor circuit unit 3 and the 
40 teyboard unit 4 generally illustrated in Fig. 

1 ^will be dearer from the following de- 
tailed ^description with reference to Figures 

2 to 5 inclusive. 

- .. n, F3gur ? 2 an exploded perspective view 

45 fflustratmg tie liquid crystal display unit 2 
and the semiconductor circuit unit 3 which 
are both directly formed on the rear surface 
A of the substrate 1. As previously de- 
scribed, the multi-digit display unit 2 com- 

50 prises a plurality of liquid crystal display 
elements of known construction each of 
which has, for example, a layer of nematic 
liquid crystal composition of a type that 
scatters light due to turbulence in the layer 

55 creator by the application of a voltage across 
the layer. On the transparent substrate 1, 
which may be of glass, are formed individual 
segment electrodes 12 each consisting of a 
transparent conductive film such as SnO* 

60 InjOa, together with electrode leads 13. In 
this manner, the substrate 1 also constitutes 
the transparent electrode (supporting) plate 
for the liquid crystal display unit 

Interconnections 14 between the liquid 

65 crystal display unit 2 and the circuit unit 3 



70 



75 



80 



are made in the desired interconnection pat- 
tern over the whole surface of the substrate 
1 by the use of printed circuit technology 
known in the art It is preferable that multi- 
layer interconnections: (two layers) IS are 
employed with intervening layers of dielec- 
tric material to increase the density of inter- 
connection. These multilayer intercon- 
nections can be seen from the outside by 
using intervening dielectric material layers 
of, for example, semitransparent low melt- 
ing-point glass. Connection holes 16 serve 
in the connection between the upper and 
lower films within the multi-layer intercon- 
nection. It is, in fact difficult to align all 
the electrode leads 13 for the individual 
segment dectrodes 12 within the display 
unit area, in view of the configuration and 
the number of the segment electrodes 12, To 
this end, a space 17 is disposed above the 85 
display unit area, in which the electrode 
leads 13 are formed and tied to the semi- 
conductor circuit unit 3 as they extend from 
one side to the other of the display area 
18. The interconnections extending from 90 
one side to the other are formed or trans- 
parent conductive fihxu 
. After formation on the substrate 1 of the 
individual segment electrodes 12 and the 
interconnection 14 Onterconnections within 95 
the circuit unit 3 will be described later), 
a glass plate 21 is attached and adhered 
through a spacer 20 in a position corres- 
ponding to the display unit area. The sub- 
strate 1 having the segment electrodes 12 100 
formed thereon serves as the first electrode 
supporting plate while the glass plate 21 
serves as the second electrode supporting 
plate. Conventional Al vapor deposition 
and other methods can be used in applying 105 
a common reflective electrode 22 for each 
digit display element on the glass plate 21, 
The first and second electrode plates 1, 21 
and the spacer member 20 together form a 
cavity for the nematic liquid crystal com- 
position. The liquid crystal display unit 2 
of the reflection land is provided In this way. 
The spacer member 20 may be either di- 
electric material such as mica, polyethylene 
telephthal film, or a bonding agent such 115 
as glass frit The common electrodes 2 de- 
posited on the second plate 21 extend to the 
predetermined interconnections 15 on the 
substrate 1 through electrode leads 23 on 
the glass plate 21 and silver paste on con- 120 
nection pins 24. In the illustrated embodi- 
ment of this invention, the electrode leads tor 
the liquid crystal display unit 2 are all intro- 
duced; on the same substrate 1 and are ap- 
propriately connected to other various com- 
ponents or units. The liquid crystal display 
unit provides, for example, eight-digit digital 
indication as well as indicating sign symbols 
+, — or constant calculation symbols K at 
the most right (or left) position. With such 130 
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an arrangement, the display unit 2 will pro* 
vidte a visual indication of operation re- 
sults in response to enabling signals from 
the semiconductor circuit unit 3. 
5 On the other hand, the semiconductor 
circuit unit 3 comprises of several LSI Qarge- 
scale integrated circuit) elements 25, 25 x and 
mterconc^ctions 26 formed in the desired 
pattern on the substrate. 1 using known 
10 pnnted circuit technology. Provision for the 
interconnections 25 can be accomplished by 
printing and sintering gold paste on the sub- 
strate 1. Also, multi-layer interconnections 
may be employed if necessary. The LSI 
elements 25, 25 1 are installed on the sub- 
strate 1 by soldering technology in such a 
manner that the individual leads thereof are 
connected to previously plated solder layers 
27 which in turn are connected to the inter- 
20 connections. More specifically, in contrast 
with the conventional LSI packages, the LSI 
element 25 illustrated in Fig. 2 has signal 
leads 28, which have been previously coated 
with solder, on its vertical sides. The LSI 
25 element 25 is first placed on the substrate 1 
in such a way mat the individual leads 28 
are m physical contact with the solder layers 
27. The junctions between leads 28 and 
solder layers 27 are coated with soldering 
30 paste and heated with a soldering iron so 
that the solder is well melted at the junctions 
to provide electrical good connections. This 
sequence of operations needs less solder and 
allows for easy soldering connections. 
35 The interconnections associated with the 
hqujji crystal display unit 2 and the semi- 
conductor circuit unit 3 are formed at the 
same time by using a printed circuit 
^ me . tI i od ^Ploying gold paste or other ma- 
40 tenals. It is, therefore, not necessary to 
form these interconnections in separate pro- 
cesses. If the printing procedure is per- 
formed after deposition of low melting-point 
glass frits on the substrate 1, then very tight 
45 bonding wul result between the printed inter- 
connection layers and the substrate. In addi- 
tion, the interconnection layers can be sealed 
with low melting-point glass for ensuring 
improvements in electrical isolation and le- 
50 sistance to wear. Check terminals 29 are 

Erovided for sensing signals which occur 
i the semiconductor circuit unit 3. 
Figure 3 is an exploded perspective view 
illustrating the construction and arrange- 
55 ment of the keyboard unit directly formed 
on the front surface B of the substrate 1. 
The keyboard unit illustrated there is com- 
prised of comb-shaped electrodes 31 for key 
switches or contacts formed in accordance 
60 with the teachings of printed circuit tech- 
nology using gold paste, silver paste or 
other suitable materials, a plurality of signal 
terminals 32 for key coupling to the circuit 
unit 3, several power accepting terminals 33 
65 and ground terminals 34 for a 



spring plate to be described later. Guide 
lines may be written in the course of the 
printing treatment for the deposition of con- 
tact electrodes 31 to assist installation of 
rubber switch contacts to be described later 70 
on the substrate 1. Needless to say, the con- 
tact electrodes 31, the signal terminals 32 
and the power accepting terminals, are con- 
nected together by printed circuit lines (not 
shown) which are directly formed on the 75 
substrate together with the ground potential 
terminal 34 and the guide lines 35 at the 
same time by printing and sintering pro- 
cedures. One way of forming connections 
between individual units directly constituted 80 
on the two surfaces A, B of the substrate 1 
is to employ a multi-pin connector 36 com- 
prising a dielectric film 36 and a set of "U" 
shaped shunting pins 38 each being in con- 
tact with the individual signal terminals 32. 85 
Provision of such connectors 36 enables 
arithmetic instruction signals originated in 
response to key depression to be trans- 
ferred to the semiconductor circuit unit 3 di- 
rectly formed on the rear surface A of the 90 
substrate 1 via the individual shunting side 
pins 38. It will be noted that other conven- 
tional methods, such as conductive material 
printing through holes, or wire bonding may 
be used. A power supply circuit On this 95 
example, DC— DC converter) unit board 39 
is positioned, adjacent one side of the sub- 
strate 1 in view of the requirement for mini- 
aturization of home-use calculators. This 
board 39, which carries various power cir- 100 
cuit parts or elements associated with the 
call 11, is secured to the substrate 1 through 
a coupling arrangement including a di- 
electric film 40, and conductive pins 41 in- 
serted in holes 43 in the board 39, such that 105 
the specified points in the power supply 
circuit are electrically coupled to the power 
accepting terminal 33 on the front surface B 
and the predetermined points on the rear 
gnface A. Soldering is carried out about 110 
the i holes 43 for coupling between the pins 41 
and the power board 39. In the illustrated 
embodiment, one end portion of the power 
board 39 extends beyond the substrate 1 and 
thus the cavity 10 in which the power cell 115 
11 and holder 44 are housed is formed by 
a space about such extended portion of the 
board 39. The relative positions of the cell 
11 and the power board 39 with respect to 
the substrate 1 will be best understood from 120 
Fte. 4, wherein the key electrode areas are 
all covered with a single rubber plate 45 

V5J rubb ?t P¥ e * 5 > wh ich comprises" a 
dielectric rubber base 46 having a predeter- 
mined number of dome-shaped projections 125 
46 1 and conductive rubbers 47 (Fig. 5) tightly 
affixed to the inner wall of the projections 
46\ cooperates with the comb-shaped elec- 
trodes directly formed on the front surface 
B to constitute a predetermined number of 130 
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WHAT WE CLAIM IS : — 
1- A calculator comprising a keyboard 
unit, a computation circuit and a display 
unit, the keyboard and display units each 
5 including a plurality of sets of electrodes, 
said computation circuit and at least one of 
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the electrodes of each of said sets 
directly formed on a common substrate. 
Z A calculator as claimed in rfaim l, 
10 wherein the substrate is of a dielectric ma- 
terial 

3. A calculator a$ claimed in claim 1 or 
claim 2, wherein said computation circuit 
comprises a semiconductor circuit 

4. A calculator as claimed in any one of 
claims 1 to 3* wherein the display unit com- 
prises at least one display cell of the liquid 
crystal type. 

5. A calculator as claimed in claim 4, 
wherein the liquid crystal display cell com- 
prises a pair of electrodes, a liquid crystal 
composition between the electrodes and a 
pair of electrode supporting plates one of 
which is said substrate. 

6. A calculator as claimed in claim 5, 
wherein the cell is part of a multi-digit 
liquid crystal display unit, one of said pair 
or plates being arranged to support all the 
ones of electrode pairs for the individual 
digit cells and the other of said pair of 
plates being arranged to support all the 
others of the electrode pairs for the in- 
dividual digit cells. 

7. A calculator as claimed in claim 6, 
35 wherein the keyboard unit comprises a plur- 
ality of key switches each comprising a mov- 
able contact made of elastic materia] and a 
stationary contact of conductive material* 
the individual stationary contacts being di- 
rectly formed on said substrate. 

8. A calculator as claimed in claim 7, 
wheref 

plate 
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45 switches, the spring action area being of 
spiral configuration with a pair of pivoting 



9. A calculator as claimed in claim 8, 
wherein the spring plate is made of oonduc- 

50 tive material and js tied in use to ground 
potential 

10. A calculator as claimed in any one 



of claims 3 to 9, wherein the substrate has 
two major surfaces, the keyboard unit is 
formed on one of the major surfaces of the 55 
substrate, and the display unit and com- 
putation circuit are both formed on the 
opposite major surface of the substrate. 

11. A method of making an electronic 
calculator comprising forming directly on 60 
a dielectric substrate; a circuit including a 
computation circuit, a keyboard unit and 

a display unit 

12. A method as claimed in claim 11, 
comprising the steps of preparing two dis- 65 
tinct dielectric substrates for a liquid crystal 
display unit, depositing electrodes on the 
dielectric substrates respectively, depositing 
electrical interconnections on major sur- 
faces of the one of the dielectric substrate 70 
and a predetermined number of stationary 
contacts for a keyboard unit simultaneously, 
adhering the dielectric substrates carrying 
the electrodes for the display unit to each 
other, filling with a liquid crystal com- 75 
position a cavity between the dielectric sub- 
strates, installing a semiconductor circuit unit 
containing at least a computation circuit on 
the one of the dielectric substrates, installing 

a rubber plate having the predetermined SO 
number of movable contacts above the di- 
electric substrate in a manner to correspond 
to the individual stationary contacts respec- 
tively, and housing the dielectric substrate 
directly carrying the liquid crystal display 85 
unit, the semiconductor circuit unit and a 
portion of the keyboard unit in a casing. 

13. A method as claimed in claim 12, 
wherein the deposition of said electrical 
interconnections includes the utilisation of a 90 
conductive paste. 

14. A electronic calculator substantially 
as hereinbefore described with reference to 
the accompanying drawings. 

15. A method of making an electronic 95 
calculator substantially as hereinbefore de- 
scribed with reference to the accompanying 
drawincs. 

R. G. C JENKINS & CO., 
Chartered Patent Agents, 
Chancery House, 
53/64 Chancery Lane, 
London. WC2A IQU. 
Agents for the Applicants. 
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